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The cell membrane, in addition to surrounding the
cytoplasm and/or compartmentalizing individual cells,
controls and regulates the passage of substances into and
out of the cell. This membrane is composed of lipids,
proteins, and carbohydrates.
Cell membrane moieties are ever changing due to the
shifting and/or movement of the various membrane components.
Although membrane moieties are constantly changing, various
chemical substances can induce changes in membrane surface
structure that can be observed with the scanning electron
microscope (SEM). One such substance is dimethyl
sulfoxide (DMSO).
Dimethyl sulfoxide has the ability to overcome the
permeability barrier of cell membranes, often causing little
or no permanent damage. Not only does this chemical
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compoimd enter cells readily, but it has the ability to
carry substances dissolved in it across the cell membrane
also. It has been found to induce cell growth and
maturation as well as inhibition of cell proliferation.
It is thought by many investigators that DMSO acts at the
cell surface to cause many of the alterations in cellular
activity.
In this investigation, DMSO was found to cause changes
in the membrane topography of the sea urchin (Arbacia
punctulata) embryonic cells. This study also showed that
the most conspicuous changes occurred when embryos were
treated to lower (2.5% v/v) concentrations of DMSO, as
observed with the scanning electron microscope. Higher
concentrations of DMSO tended to cause a reversal of the
changes in cell surface topography that was induced by the
lower concentration of DMSO.
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It is generally agreed that the cell membrane is
the outer limiting boundary of the cell. Therefore, it
separates cells from one another, thus, localizing and
maintaining the integrity of individual cells. Moreover,
it maintains a proficient and unifying environment for
cellular organelles. It regulates and maintains osmotic
equilibrium, contact recognition and communication between
internal and external environments (Weissmann, 1975).
The cell membrane is considered to be about 75 A°
thick, as determined by electron microscopy (Dodge, 1967;
Vanderkooi, 1972). It is composed of proteins, lipids and
carbohydrates (Singer and Nicolson, 1972; Wallach and
Zahler, 1966; Roseman, 1975). While lipids make up the
majority of the membranes' component (Cronan, Jr. and Vagelos,
1972), proteins (Singer, 1975) and protein-carbohydrate
complexes also form membrane biomolecules (Roseman, 1975).
Moreover, the membranes' structural make-up is not static,
but an ever changing moiety (Singer and Nicolson, 1972).
Changes in membrane structural moiety can be induced
by a variety of agents (Amar, et ^., 1978; Chiesi, et al.,
1978; Gedney, 1978). One such agent is dimethyl sulfoxide
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(Jacob et , 1964) . Dimethyl sulfoxide (DMSO) was
discovered by Alexander Saytzett in 1866 (Sethman, 1975).
However, due to the work of Jacob ^ al. (1964), it
received world-wide attention and/or recognition as a
biological agent.
Dimethyl sulfoxide has the ability to penetrate cell
membranes with rapid speed, spreading throughout the body
within seconds after application (Kligman, 1965). When
used as a solvent, it, likewise, enhances the passage of
dissolved substances, including those of pharmacological
benefit, through the cell membrane (Hubin, 1975; Horita
and Weber, 1964; Puig-Muset and Martin-Esteve, 1965).
Dimethyl sulfoxide was banned, because of its suspected
toxicity and/or teratogenicity in humans, in the latter part
of the 1960s by the Food and Drug Administration (FDA). In
the early 1970s, the FDA reversed its ruling and lifted the
ban on the use of DMSO in treating human subjects. Since
that time, some renewed interest in DMSO, as a biological
and pharmacological agent, has developed.
Dimethyl sulfoxide seems to overcome the permeability
barrier and causes the occurrence of changes in cell membrane
structure (Szmant, 1975). Furthermore, alteration in cell
membrane moiety, due to exposure to DMSO, is suspected of
causing changes in the sensitivity of Friend virus-trans¬
formed erythroleukemic cells to certain plant lectins
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(Eisen, 1977), inhibiting neurite maturation ^ vitro
(Rosier, 1975), and inhibiting fibroblast proliferation
(Berlinger and Ruhmann, 1967).
Scanning electron microscopic (SEM) examination of
cell surfaces of sea urchins (Arbacia punctulata) cultured
in varying concentrations of DMSO in artificial sea water
(DMSO/ASW) v/v in our present studies, reveals abnormal
changes in cell membrane topography. These changes become
most acute in embryos cultured in 2.5% DMSO/ASW, and tend
to be reversed as concentrations of DMSO/ASW are increased
to 57o DMSO/ASW and 7.5% DMSO/ASW, respectively. Not only
does DMSO cause changes in surface structure of Arbacia
embryonic cell membranes, but concentrations of 2.5%
DMSO/ASW, 5% DMSO/ASW and 7.5% DMSO/ASW retard and/or inhibit
cleavage. It also reduces adhesion of apposing blastomeres
and induces the formation of evaginations in some cases.
CHAPTER II
REVIEW OF LITERATURE
Animal cells are surrounded by an outer boundary
referred to as the cell membrane. Dodge (1967) states that
the cell membrane is one of the main structural components
of all cells, and is used in the construction of most
organelles. Furthermore, Browne (1970) indicates that the
cell membrane is intrinscially impermeable to most polar
molecules, and this prevents the internal micro-molecules
and metabolites of the cell from diffusing out.
Singer (1975) describes the cell membrane as being a
dynamic structure, composed of a lipid bilayer, having
protein molecules embedded in the lipid bilayer with a
constantly changing moiety. Singer’s hypothesis is sup¬
ported by other investigators (Kom and Olivecrona, 1972;
Robertson, 1972; Sheetz and Singer, 1974; Windle, 1976;
Langunoff and Wan, 1974; and Chapman, 1975) .
According to Cronan, Jr. and Vagelos (1972), the
flexible permeability barrier which bounds the cellular
cytoplasm is composed mainly of lipids and proteins.
However, Singer and Nicolson (1972) indicate that there are
three major classes of membrane components--proteins, lipids,
and oligosaccharides, with proteins comprising about 557o of
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the dry weight of the membrane. In addition, Ray ^
(1969) suggest that the phospholipids make up the major
component of lipids in the plasma membrane.
It was reported by Keenan and Moore (1970).that the
consequent preponderance of saturated and long chain fatty
acyl substituents of plasma membranes contributes to
tighter packing of the phospholipid molecules in the mem¬
brane bilayer, and hence, to increased stability and im¬
permeability by comparison with other cytomembranes.
McMurray (1973) has shown that rat liver exhibits an
enrichment of surface membranes with respect to cholesterol
and sphingomyelin. Similar results were reported for plasma
membranes of HeLa cells (Bosmann ^ , 1969) and L-cells
grown in culture (Weinstein et al., 1969). Moreover,
Meldolesi ^ al. (1971) stated that the phospholipid
composition of adrenal medulla plasma membranes differs
little from that of plasma membranes obtained from pancreas.
There are two types of proteins bound to membranes
according to Singer and Nicolson (1972), they are peripheral
and integral. Peripheral proteins require only mild treat¬
ment of the medium with various agents to dissociate them,
molecularly intact, from the membrane and dissociate free
of lipids, whereas the major proteins may be assigned to
integral proteins. Integral proteins require much more
drastic treatment to dissociate them from membranes, and in
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many cases, remain associated with lipids when isolated.
Furthermore, Stein et (1969) suggest that protein
denaturation in membranes occur independently of lipid
transitions.
According to Roseman (1975), virtually all plasma mem¬
branes contain sugars. While their biologic functions are
poorly understood, they are implicated in such processes
as cell recognition and intercellular adhesion. However,
Warren et (1972) indicated the presence of a carbohy¬
drate moiety in BHK2-j^- ^13 cell membranes, and suggested
its importance in the malignant process of cell division
and growth that probably involved cell surfaces.
There is an accumulation of literature on interactions
of cell surfaces and other cellular functions, including
cell division, cell recognition and binding of substances to
cells that implicate the involvement of the cell membrane.
Ebert and Sussex (1970) suggest that the cell surface is a
major component in the regulatory events of a cell. Moreover,
Hynes (1973) found that the growth properties of normal
cells can be influenced by mild proteolytic treatment,
thus, implicating the cell surface directly in growth
control. In addition, Edelman (1976) proposed that while
cell recognition in different systems may utilize a variety
of mechanisms to achieve specificity, the process of cell
growth, movement and recognition, are all coordinated by an
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assembly of interacting macromolecules. These macro¬
molecules exist as cell surface receptors and submem-
braneous fibrillar structures. Carney and Cunningham
(1977) reported that the site of peptide hormone and certain
growth factors, assimied to be at the cell surface, exist in
the plasma membrane.
Finally, Sakai (1965) demonstrated electron transfer
reactions taking place between a contractile protein of
the sea urchin egg-cortex and Ca-insoluble protein of the
egg. This led to the proposal that the mitotic apparatus
protein was also Ca-insoluble, which provides for the
possibility of the same reaction occurring between the
contractile protein of the egg cortex and the mitotic
apparatus-protein, thereby aiding and/or initiating cleavage
(Sakai, 1966).
Fertilization of Sea Urchin Eggs
According to Epel (1977), the fertilization process
can be divided into three major steps: Recognition of egg
by sperm, regulation of the entry of the sperm by the egg,
and activation of the dormant metabolism of the egg so
that cell division and embryonic development can begin.
Activation and fertilization initiates a series of changes
on the cell surface, including the elevation of the vitel¬
line envelope and elongation of microvilli (Mazia et al. ,
1975; Inoue e^ a]^. , 1970; and Epel, 1977).
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Carroll et (1970) , indicated that studies on the
plasma membrane of most eggs are made difficult because
of the presence of extracellular coats and jelly layers.
Therefore, in order to observe the surface of the plasma
membrane of the egg, and subsequently, the dividing blasto-
meres, it is necessary to remove the vitelline layer of sea
urchin eggs. Citkowitz (1971) observed that the fertiliza¬
tion membrane of sea urchins can be removed without altering
the developmental process, and is, therefore, of little
consequence for normal development in the laboratory.
Morever, Epel (1970) proposed that eggs treated with
trypsin to remove the vitelline membrane will develop
nomally with little or no agglutination. However, Aketa
et al. (1972) and also Spiegel and Spiegel (1978), noted
that trypsin treatment reduces the fertilizability of sea
urchin eggs. Aketa et (1972), further states that with
intensified trypsin treatment, sperm-egg bonding became weak,
and fertilization-depression became more marked.
Conversely, there are reports of increased fertilizability
in sea urchin eggs treated with trypsin. One such report was
made by Hagstrom and Hagstrom (1954), in which trypsin treat¬
ment of eggs raised the reactivity of the eggs with heterologous
spermatozoa, and also caused polyspermic fertilization. In
addition, the literature is well documented with reports of
trypsin initiating proliferation of quiescent secondary
chick embryo cells (Carney et al., 1978; Sefton and Rubin,
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1970; Cunningham and Ho, 1975; and Blumberg and Robbins,
1975).
Dimethyl Sulfoxide
Dimethyl sulfoxide (DMSO) has been known to man since
1866, at which time it was S3mthesized by Alexander
Saytzett. It is categorized by Sehtman (1975) as having
a chemical formula of (CH2)2SO, a liquid, organic colorless,
oily substance, with a smell of sulfur and a slight bitter
taste. Its molecular weight is 78.13, with a boiling point
of 188-190OC (at a barmoetric pressure of 760 mm Hg), and
a melting point of 18.4°C. It is highly hydroscopic and
has a pH of 11.0.
The uses of DMSO are diverse and widespread. It dis¬
solves readily in water and has been used as a solvent for
a variety of organic compotinds. It has been employed in
medicine, agriculture, manufacture of dyes and conservation
of cold-stored materials (Strauss et al., 1968).
Chemically, DMSO's ability to be oxidized by cells, is
one of its non-specific cellular uses (Raramler and Zaffaroni,
1967) . Its prevention of the depol3niierization of hyaluronic
acid (Baker et al., 1965), its radiation protective action
(Ashwood-Smith, 1966), and in part, its protection of cold
stored biological materials, is due to its ability to trap
damaging free radicals (Roubal and Tappel, 1965).
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According to Ando (1957), DMSO can be reduced to
dimethyl sulfide (DMS) by bacteria under specific
anaerobic conditions. Metabolites of dimethyl sulfone
(DMSO2) and DMS have been identified in man (Gerhards
and Gibians, 1967) and other animals (Distefano and
Borgstedt, 1964). Klob ^ al. (1966) suggested that the
inability to account for administered DMSO in animals is
due to partial metabolism of its carbon structure.
Dimethyl sulfide is also known for its ability to
penetrate cell membranes with rapid speed. Kligman (1965)
reported widespread use of DMSO in treating a ntimber of
human subjects by the dermal application of the drug. He
indicated that the primary obstruction to the entry of
substances into the human body is the dermal barrier,
which could be overcome by the penetratability of DMSO.
The possible action of DMSO, as postulated by Sanborn ^
al. (1975), is to open potential pores in the cell membrane,
thus, allowing the cell to take-up materials or chemicals
the membrane barrier would ordinarily block. Furthermore,
Strauss et al. (1968), showed that DMSO is an excellent
denaturing agent for RNA as followed by absorbancy, optical
rotation or by infectivity associated with a double stranded




Sea urchins, Arbacia punctulata, used in this work
were purchased from Florida Marine Biological Specimen
Co., Inc., Panama City, Fl. They were maintained in
aerated aquaria obtained from Jewel Industries, Inc.,
Chicago, II. The aquaria contained marine water, made
from S3mthetic salt, secured from Aquaria Systems, Inc.,
Eastlake, Ohio, and Gravel obtained from Calciiim Carbonate
Co., Quincy, II.
Trypsin (2x crystalline) was purchased from Grand
Island Biological Co., Grand Island, N. Y. Dimethyl
sulfoxide (DMSO) was obtained from Carolina Biological
Supply Co., Inc., Burlington, N. C, Photographic film was
secured from Fry's Foto Shop and VWR Scientific Co., both
located in Atlanta, Ga. The following chemicals and
materials were obtained from Polysciences, Inc., Warrington,
Pa: Osmitam tetroxide, mercuric chloride (saturated aqueous),
specimen mounts, double stick scotch tape and gold/palladium
wire.
A Spencer Phase Star light microscope distributed by
American Optical Corporation, Buffalo, N. Y. was also used
in this work. The EDP2 Tissue Dryer and Edwards 306 Vacum
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Coater used were purchased from Edwards High Vacuum, Inc.,
Grand Island, N. Y. Cell surfaces were scanned with a
Cambridge S4 Stereoscan, scanning electron microscope.
Methods
Eggs were removed from gravid females by cutting open
the oral area of the urchins, scooping out the gonads and
gently washing them in artificial sea water (ASW), (Guidice,
1973). The eggs were separated from the gonads and other
impurities by filtering them through several layers of
guaze. They were washed several times after filtering,
allowed to settle by gravity under each wash and the
supernatants were removed by siphoning. The fertilization
membranes were removed by siphoning. The fertilization
membranes were removed according to the procedures of
Epel (1970).
Sperms were collected by removing the gonads also,
but left undiluted and stored at 15°C until they were used
for insemination (Guidice, 1973).
Fertilization was accomplished by mixing 50 ml of the
prepared egg suspension with an excess of sperm and allowed
to stand for 10 minutes to insure fertilization. Ten ml
aliquots of the fertilized eggs were distributed in 250 ml
Erlenmeyer flask in a water bath, maintained at 19°C, as
follows :
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Flask #1 90 ml of ASW
Flask #2 90 ml of 1% DMSO/ASW (v/v)
Flask #3 90 ml of 2.5% DMSO/ASW (v/v)
Flask #4 90 ml of 5% DMSO/ASW (v/v)
Flask #5 90 ml of 7.5% DMSO/ASW (v/v)
Samples were removed from each flask at the 2 blasto-
mere, 4 blastomere and 8 blastomere stages as determined
by light microscopic examination.
The samples were fixed in Parducz fixative (2% OsO^
in culture fluid--6 drops and saturated aqueous HgCl2--
1 drop), then gently washed in distilled H2O, 12 times to
remove excessive fixative and salts. They were stored in
cold 70% ethanol until prepared for scanning electron
microscopic examination.
Scanning electron microscopic preparation of specimens
was accomplished by rehydrating them and placing them on
aliaminum stubs coated with a thin layer of adhesive from
double stick scotch tape. They were frozen by plunging
the stubs in liquid nitrogen. Freeze dry sublimation was
achieved by placing the frozen stubs, with the samples on
them, in an EDP2 Pearse Tissue Dryer for four hours, at
the cold level. They were coated with gold/palladium wire
in an Edwards 206 Vacuum Coater. The samples were scanned
with a Cambridge S4 Stereoscan Scanning Electron Microscope.
CHAPTER IV
RESULTS AND OBSERVATIONS
Upon activation and fertilization, numerous changes
occur on the surface of eggs of sea urchins, which include
elongation and disarrayal of the microvilli (Mazia ^ al. ,
1975) . Cleaving embryos of Arbacia punctulata that were
cultured in varying concentrations of dimethyl sulfoxide
in artificial sea water (DMSO/ASW) showed changes in cell
membrane topography also. These changes were observable
utilizing the scanning electron microscope (SEM) .
Two-biastomere Stage of Development
Cell surfaces of embryos cultured in 1% DMSO/ASW that
had cleaved once (2-blastomeres) were similar in appearance
to surfaces of embryos cultured in only ASW. In all cases,
the surface of cell membranes of the embryos was covered
with projections resembling papillae more so than micro¬
villi. However, these projections which will be referred
to as microvilli henceforth, appeared thinner and less
compact on the cell surface of the embryos developed in
ASW (Fig. la and lb), than those developed in 17o DMSO/ASW
(Fig. 2a and 2b).
Embryos at the same stage of cleavage that were
cultured in 2.57o DMSO/ASW showed a conspicuous difference
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Fig. la. Scanning electron micrograph of embryo after
the first cleavage (cultured in artificial sea
water, ASW) showing apposing blastomeres.
(B); microvilli (MV); and fragment of
vitelline membrane (VM). 2100X
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Fig. lb. Scanning electron micrograph of an area of a
blastomere of an embryo after the first
cleavage (cultured in ASW), showing microvilli
(MV). 5100X
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Fig. 2a. Scanning electron micrograph of an embryo
after the first cleavage (cultured in 1%
dimethyl sulfoxide in artificial sea water,
DMSO/ASW), showing apposing blastomeres
(B); and microvilli (MV). 2100X
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Fig. 2b. Scanning electron micrograph of an area of a
blastomere of an embryo after the first
cleavage (cultured in 1% DMSO/ASW), showing





in cell membrane surface. The cell surfaces were densely
covered with microvilli that projected away from the cell
(Fig. 3a and 3b). Furthermore, the microvilli were small
and elongated, ending in minute points at the tips. These
microvilli were markedly different from any observed on
cell surfaces of embryos developed in lower concentrations of
DMSO. The data suggest that these changes were produced by
the higher concentration of DMSO.
Figures 4a and 4b show the cell membrane configuration
of embryos cultured in 5% DMSO/ASW. It was noted that the
microvilli on the surface of these cells were larger, much
shorter and more flattened than those on the membranes of
cells exposed to 2.5% DMSO/ASW. In addition to being larger
and more flattened, there were short, small extensions
projecting from their tips. It should be pointed out, that
the overall appearance of these cell surfaces was ^ similar to
those of embryos cultured in 1% DMSO/ASW.
The cell membrane topography of embryos cultured in
7.57o DMSO/ASW (Fig. 5) exhibited microvilli closely
resembling those on membranes of cells that developed in
1% DMSO/ASW also, with the exception that the microvilli
did show some degree of elongation at the tips. Another
note of interest was that no cell division was observed
in the culture developing in 1.5% DMSO/ASW at the time
the embryos in ASW had cleaved once.
Fig. 3a. Scanning electron micrograph of an embryo
after the first cleavage (cultured in 2.5%
DMSO/ASW), showing apposing blastomeres
(B); microvilli (MV), and fragment of
vitelline membrane. (VM). Note. Elongation
of microvilli on the blastomere surfaces,
(arrow). 2100X
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Fig. 3b. Scanning electron micrograph of an area of
a blastomere of an embryo (cultured in 2.5%
DMSO/ASW), showing microvilli (MV) ; and
fragment of vitelline membrane (VM).
Note the elongation and size of microvilli
(arrow). 5100X
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Fig. 4a. Scanning electron micrograph of an embryo
after the first cleavage (cultured in 5%
DMSO/ASW), showing apposing blastomeres
(B); and Microvilli (MV). 2100X
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Fig. 4b. Scanning electron micrograph of an area of a
blastomere of an embryo (cultured in 5% DMSO/ASW).
showing microvilli (MV). Note the elongated
tips of the microvilli (arrow). 5100X
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Fig. 5. Scanning electron micrograph of an area of
an embryo (cultured in 7,5% DMSO/ASW),,




Four-blastomere Stage of Development
Having xmdergone the second cleavage, and thus reaching
the 4-cell stage of development, embryos showed changes in
membrane surfaces that became more pronomced as the con¬
centration of DMSO in the culture fluid (ASW) was increased
up to 2.57c.. Figures 6a and 6b show cell surfaces of
embryos after the second cleavage that were cultured in only
ASW. It is clear that there is little, if any, distin¬
guishable change in the topography of the membranes of
these embryos as compared to cell surfaces of embryos
after the first cleavage that were grown in ASW.
Embryos that were allowed to develop to the 4-cell
stage in 17, DMSO/ASW had flattened microvilli with small
projections at the tips (Fig. 7a and 7b), that closely
mimicked the microvilli that were found on cell surfaces
previously observed that were cultured in 57 DMSO/ASW.
On viewing the cell surfaces of embryos that were
developed in 2.57, DMSO/ASW, it was noted that microvilli
were smaller and more pointed at the tips (Fig. 8a and 8b)
than those grown in 17 DMSO/ASW. The cell surfaces of these
embryos depicted a dramatic change in appearance over all
others at this stage of development. However, the change
in appearance of the membrane surface was not as profound
as that seen at the 2-blastomere stage of development in
the same concentration of DMSO/ASW. Furthermore,
Fig. 6a. Scanning electron micrograph of an embryo
after the second cleavage (cultured in ASW),
showing blastomeres (B); and microvilli. (MV).
2100X
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Fig. 6b, Scanning electron micrograph of an area of a
blastomere of an embryo after the second
cleavage (cultured in ASW), showing
microvilli (MV). 5100X
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Fig. 7a. Scanning electron micrograph of an embryo
after the second cleavage (cultured in 17=
DMSO/ASW), showing apposing blastomeres
( B); and microvilli (^) . Note the
separation of blastomeres Carrows). 21Q0X
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Fig. 7b, Scanning electron micrograph of an area of
a blastomere of an embryo after the second
cleavage (cultured in 17c, DMSO/ASW) , showing
microvilli (MV). Note the elongated tips
of the blastomeres (arrow). 5100X
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Fig. 8a. Scanning electron micrograph af an embryo
after the second cleavage (cultured in 2.5%
DMSO/ASW), showing apposing blastomeres (B);
microvilli (MV); and fragment of vitelline
membrane (VM). Note the separation of
blastomeres. (arrow); and the incomplete
cleavage of blastomeres, (I). 2100X
30
Fig. 8b. Scanning electron micrograph of an area of
a blastomere of an embryo (cultured in 2.5%
DMSO/ASW), showing microvilli (MV) . Note




approximately 60% of the embryos had not divided beyond
the 2-cell stage at this time.
The embryos that were cultured in 5%, DMSO/ASW
(Fig. 9a and 9b), and 7.5% DMSO/ASW (Fig. 10a and 10b),
exhibited membrane surfaces that closely resembled the
surfaces of cells cultured in 1% DMSO/ASW. Moreover, there
seems to be a close correlation between the appearance of
cell surfaces at the 2-blastomere stage of development in
corresponding concentrations of the chemical compound in
ASW. In addition, approximately 80% of the embryos in the
5% DMSO/ASW had not cleaved twice and approximately 90% of
the zygotes cultured in 7.5% DMSO/ASW still had not cleaved
at all. Of the remaining 10%, it was foxmd that approximate¬
ly 9% had cleaved once and only 1% had cleaved twice. Where
cleavage had occurred, the apposing blastomeres were pulled
apart.
Eight-blastomere Stage of Development
Shown in Figures 11a and 11b are cell surfaces of
embryos at the 8-blastomere stage of development that were
cultured in ASW. Figures 12a and 12b show the membrane
topography of embryos cultured in 1%, DMSO/ASW. The micro¬
villi on these cell surfaces appear reduced in size and
more rounded along the edges than those developed in ASW.
Fig, 9a, Scanning electron micrograph of an embryo
after the second cleavage (cultured in 5%
DMSO/ASW), showing apposing blastomeres-
(B); microvilli (MV); and evagination
(E), 2100X
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Fig. 9b. Scanning electron micrograph of an area of
a blastomere of an embryo (Cultured in 5%
DMSO/ASW), showing microvilli (MV) and
evagination (E). 510QX
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Fig, 10a. Scanning electron micrograph of an embryo
after the second cleavage (cultured in 7.57o
DMSO/ASW), showing apposing blastomeres. (B)
microvilli (MV); and fragment of vitelline
layer (VM) . Note the separation of
blastomeres, (arrow). 2100X
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Fig. 10b. Scanning electron micrograph of an area of a
blastomere of an embryo after the second
cleavage (cultured in 7.57o DMSO/ASW) , showing
microvilli (MV). 5100X
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Fig. 11a. Scanning electron micrograph of an embryo
after the third cleavage (cultured in ASW),
showing blastomeres (B); and microvilli
(MV). 2100X
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Fig. 11b, Scanning electron micrograph of an area
of an embryo after the third cleavage
(cultured in ASW), showing microvilli
(MV). 5100X
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Fig. 12a. Scanning electron micrograph of an embryo
after the third cleavage (cultured in 1%
DMSO/ASW), showing the blastomeres (B);
and microvilli (MV). 2100X
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Fig. 12b. Scanning electron micrograph of an area of
a blastomere of an embryo after the third
cleavage (cultured in 1% DMSO/ASW) , showing




Figures 13a and 13b represent cell membranes of embryos
developed in 2.57o DMSO/ASW. These show microvilli being
elongated over the surfaces of the cell membranes which end
in conical points. It is obvious that these membranes show
a clearly recognizable change over the others at this stage
of development. Furthermore, this is in keeping with the
pattern of change on the membrane surfaces noted for other
stages of development in this same concentration of DMSO/ASW.
No embryos were found that had reached the third stage of
cleavage.
Embryos cultured in 5% DMSO/ASW (Fig. 14a and 14b),
and 7.57o DMSO/ASW (Fig. 15a and 15b), had cell surfaces
that resembled those of embryos cultured in 17c. DMSO/ASW.
However, slight differences in elongation of the microvilli
were noted. Embryos grown in 57o DMSO/ASW had only cleaved
once. No further cleavage was noted in embryos developed
" in 7.57o DMSO/ASW beyond that mentioned earlier, (see Figures
16a, 16b and 16c for a summary of cleavage). There were
numerous evaginations on the surfaces of embryos cultured
in 57o DMSO/ASW and 1.5% DMSO/ASW.
It appears evident that cell surfaces do undergo
alterations when exposed to varying concentrations of DMSO.
These cell surface alterations change as concentrations of
DMSO are increased up to 2.57, v/v. Above 2.57, v/v the change
is inversely proportional to the concentration of DMSO.
Fig. 13a. Scanning electron micrograph of an embryo
after the second cleavage (cultured in 2.5%
DMSO/ASW), showing the blastomeres (B) ;
and microvilli (MV). 2100X
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Fig. 13b. Scanning electron micrograph of an area of
a blastomere of an embryo after the second
cleavage (cultured in 2.5% DMSO/ASW),
showing microvilli (MV). Note the elongation
of microvilli (arrow). 5100X
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Fig, 14a. Scanning electron micrograph of an embryo
after the first cleavage Ccultured in 5%
DMSO/ASW), showing blastomeres (B)5 and
microvilli (MV), Note the separation of
blastomeres Carrow). 21QQX
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Fig. 14b. Scanning electron micrograph of an area of
a blastomere of an embryo after the first
cleavage (cultured in 5% DMSO/ASW), showing
microvilli (MV). 5100X
45
Fig. 15a. Scanning electron micrograph of an embryo
with undetermined cleavage (cultured in 7.57o
DMSO/ASW), showing evaginations (E); and
microvilli (MV); and fragment of vitelline
membrane. Note the occurrence of evaginations
over the cell surface. 2100X
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Fig. 15b. Scanning electron micrograph of an area of
an embryo with undetermined cleavage
(cultured in 7.5% DMSO/ASW), showing
microvilli (MV); and evagination (E).
5100X
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Fig. 16a. Graph, showing percent of fertilized eggs
that underwent the first cleavage when
cultured in varying concentrations of
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Fig. 16b. Graph, showing percent of embryos that
underwent the second cleavage when
cultured in varying concentrations of
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Fig. 16c. Graph, showing percent of embryos that
underwent the third cleavage when
cultured in varying concentrations of
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concentration, at least to an elevation of 7.57o. The
changes were clear and distinct as observed in this work
when viewed in the scanning electron microscope.
CHAPTER V
DISCUSSION
Activation and fertilization initiate a series of
events in the sea urchin development, from binding of the
sperm to the egg coat and elevation of the vitelline
membrane, to triggering protein synthesis in the egg
(Epel, 1977; Humphreys, 1969; Glabe and Vacquier, 1977;
Bryan, 1970; Johnson and Epel, 1975; Metafore e^ §!.• > 1971;
and Mazia ^ al, 1975). Since fertilized sea urchin eggs
used in this work were stripped of their vitelline layers
by trypsin treatment, activation and fertilization were
considered to have occurred based on cleavage under
controlled conditions.
It is generally accepted that the microvilli on the
plasma membrane elongate on activation (Schatten and
Mazia, 1977). However, this work was designed to examine
the cell surfaces of blastomeres after the first cleavage.
Therefore, this discussion will concentrate on the cell
membrane topography after the first cleavage, in addition
to other noteworthy observations.
On viewing cell surfaces of embryos of Arbacia
punctulata at the 2-cell stage of cleavage, that were
cultured in artificial sea water (ASW), it was noted that
cells were covered with ntmerous microvilli and apposing
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blastomeres were in close contact with one another. The
microvilli were thin and flat, and were not compacted or
drawn against the surface of the blastomeres. Spiegel and
Spiegel (1978) reported the presence of microvilli on the
surface of blastomeres of Arbacia.. Moreover, they suggested
that the microvilli are used for adherence of cells to each
other. It was also reported by Gershmann and Rosen (1978)
that 3T3 cells are covered with large n\mibers of projections
referred to as microvilli. They indicated that these cells
appear to make contact with the microvillar projections.
This suggestion indicates that the close contact of the
apposing blastomeres observed in this work may have been
due to the contact adherence of the microvilli.
The slightly larger and more compacted microvilli on
the blastomeres and the overall appearance of the blasto¬
meres of embryos that were cultured in 1% DMSO/ASW suggest
that these cell surfaces were affected by the DMSO.
Furthermore, the conspicuous changes that were observed on
the cell topography of embryos cultured in 2.5% DMSO/ASW
were interpreted as being caused by the effects of the DMSO
on the cell membranes. In addition, the changes noted on
the surfaces of blastomeres cultured in 5%, DMSO/ASW and
7.5%> DMSO/ASW suggest that cell surfaces of Arbacia embryos
undergo the greatest change or alteration in final concen¬
trations of DMSO in the proximity of 2.5%. Moreover, the
data from this work are indicative of the generally accepted
54
idea that different kinds of cells are affected in varying
final concentrations of DMSO.
The ability of DMSO to cause alterations in cellular
activities is well doctimented. Maeda and Sachs (1978)
demonstrated the ability of 17o DMSO to induce clones of
myeloid leukemic cells to form rosettes, cell attachment
and migration, with the formation of mature macrophages.
However, they reported that 0,5% DMSO gave lower induction
than 17o DMSO and 2% DMSO showed a higher degree of cyto¬
toxicity. The evaginations observed on cell surfaces in
this work are credited to the cytotoxicity of DMSO,
Furthermore, Kimhi ^ al. (1976) indicated that the addition
of DMSO at concentrations of 1% and 2% (v/v) to cells of
mouse neuroblastoma clone NIE-115 in the confluent phase
of growth, results in the production of morhpologically
differentiated cultures with extensive process formation.
Teratological effects of DMSO in the chick embryo were
reported by Browne (1968) and in the amnion of the rat
fetus by Black (1975) .
Working with the QUA tumor cell line, Borenfruend
et al. (1975) reported that DMSO in a final concentration
of l-57o caused a marked alteration in the randomly piling
non-contact-inhibited growth pattern of that cell line.
They further stated that instead of the piling pattern,
monolayers of cells in regular parallel orientation formed
that were typical of non-malignant fibroblasts. The
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activity of these cells may have been due to the action of
the DMSO on the cell membrane surface molecules commensurate to
the elongation of microvilli as seen on sea urchin cell
surfaces treated with DMSO in this work. Ranganathan (1976)
stated that 3.5% DMSO treatment damage the outermost pel¬
licular membrane of Vorticella and intensified the appearance
of electron dense bodies in the pellicle. These changes were
reported for lower concentrations of DMSO. No observations
were given for higher concentrations of the chemical
compound.
This study shows that concentrations of DMSO of 5% to
7.5% cause a reversal in appearance of cell membrane
topography brought on by 2.5% DMSO, as observed with the
SEM. The reversal in appearance was consistent at the 4-cell
and 8-cell stages of development in the higher concentra¬
tions of DMSO. Therefore, the changes were attributed to
DMSO and may be to the enhanced cell permeability, caused
by the highly polar and stable nature of DMSO (Jacob ^
al., 1964), and by the exertion of the solvent on the
hydration and solvation shells around the membrane com¬
ponents (Tovel and Colter, 1967) of the blastomeres.
In addition to changes in cell surfaces, other observa¬
tions, including retardation and inhibition of cleavage,
were noted. The data obtained from this work indicate that
DMSO in final concentrations of 2.5% and above were
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responsible for the above stated observations. Eisen
(1977) stated that Friend virus-transformed erythro-leukemic
cells when treated with DMSO resulted in dramatic changes in
the sensitivity of the cells to agglutination by several
plant lectins with varying ligand specifications. Roiser
(1975) reported that DMSO at a concentration above 1% was
shown to be a potent inhibitor of neurite maturation in
vitro. He further stated that the inhibitory action of
DMSO on neutire maturation may be due to generalized cyto¬
toxic response of the membraneous organelles in the developing
neurite. Furthermore, Berlinger and Ruhmann (1967) reported
DMSO in concentrations of 0.4-6.0% (v/v) reversibly inhibited
proliferation of L-929 fibroblasts. Two per cent concentra¬
tions of DMSO was shown to cause a 24 hr. lag before
logarithmic growth occurred in Murine virus-induced leiikemia
cells, according to Friend and Scher (1975). Therefore, the
findings of this work are consistent with those of other
investigators involving the ability of DMSO to inhibit or
retard cleavage.
The hypothesis that retardation and inhibition of
cleavage in Arbacia punctulata were the results of the
effects of DMSO on the cell membranes is supported by the
works of other investigators. Marx (1976) stated that
since cells communicate with each other through their
membranes, many investigators think that alteration in
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spatial arrangement of membrane components may be signals
that are involved in the control of cell division.
According to Sakai (1966), there is an interaction of this
sort, in vitro. between the proteins of the egg cortex and
the proteins of the mitotic apparatus of sea urchin eggs.
These reactions, in vitro, are suggested as possibly leading
to arrangement of the egg cortex for the constriction of
the cell. It is noted by Cuatrecasas (1974) that there are
widely accepted concepts of membrane mediated regulation
of cell activity.
Since DMSO is known to denature proteins, (Kligman,
1965) , denaturation of surface proteins may have inhibited
the activation of metabolic processes leading to cleavage
in the sea urchin eggs and/or embryos used in this work.
Moreover, Strauss e^ (1968) reported that DMSO denatures
double stranded RNA. In addition to its denaturation of
cell surface proteins associated with cleavage, the synthe¬
sis of new proteins needed for the initiation of the
cleavage process could have been inhibited in the eggs and/or
embryos involved in this work.
Finally, sea urchin eggs treated with trypsin results
in a decrease in per cent of eggs fertilized, according to
Kimura-Furukawa and Ishara (1978). A reduction of per cent
of eggs fertilized was noted in this work, including control
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experiments. However, this was taken into account and an
adjustment was made to eliminate that factor on the per




The ability of dimethyl sulfoxide (DMSO) to readily
penetrate cell membranes suggests that it causes changes
in membrane moiety. Although, in many cases, little or
no permanent tissue damage is credited to DMSO, even in
high concentrations, changes in membrane topography do
occur in sea urchin (Arbacia punctulata) embryos that are
at the 2, 4 and 8-cell stages of development, when cul¬
tured in varying concentrations of DMSO. These changes
can be seen with the scanning electron microscope (SEM).
However, the cell membrane moiety affected by the DMSO
was not determined by this study. Furthermore, there seems
to be an optimum concentration of DMSO in culture fluid
(ASW) that induces the greatest alteration in cell membrane
topography of Arbacia embryos.
Therefore, as a result of this study, it is concluded
that:
1. Fertilized eggs of Arbacia punctulata that were
devoid of fertilization membranes due to trypsin
treatment, developed normally up to the 8-blasto-
mere stage.
2. Fertilized Arbacia eggs, cultured in YL DMSO/ASW
showed little alteration in cell membrane surfaces.
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3. Surface structure of cell membranes of
Arbacia embryos cultured in 5% DMSO/ASW and
7.570 DMSO/ASW, at all stages of development
observed, showed membrane topography similar
to embryos developed in 1% DMSO/ASW.
4. In marked contrast, Arbacia embryos cultured in
2.570 DMSO/ASW exhibited acute changes in cell
membrane topography.
5. Dimethyl sulfoxide in concentrations of 2.5%
DMSO/ASW was also noted to retard cleavage in
Arbacia embryos. In final concentrations of
5% DMSO/ASW and 7.5% DMSO/ASW, this chemical
greatly retards and/or inhibits cleavage of
Arbacia embryos. It was also observed that
adhesion of apposing blastomeres of Arbacia
embryos is reduced to 2.5% DMSO/ASW, 5% DMSO/ASW,
and 7.5% DMSO/ASW.
6. Dimethyl sulfoxide in concentrations of 5%, in
ASW and 7.5% in ASW, induces the formation of
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